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(54) STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a steering 
device for giving good driving feeling to a driver while 
reducing consumed current and noise. 
SOLUTION: A PS valve 1 and a PS cylinder 2 use 
working fluid supplied from a hydraulic pump 6 to steer a 
tire 102 according to indication provided via a steering 
wheel 101. A tire angle sensor 3 detects a tire angle of 
the tire 102. A controller 4 calculates a tire angular 
velocity based on the detected tire angle, and drives 
motor 5 in response to the tire angular velocity. The 
hydraulic pump 6 supplies the working fluid to the PS 
valve 1 at a flow rate corresponding to a rotation speed 
of the motor 5. When the tire angular velocity becomes 0 
(zero), the controller 4 gradually decreases the rotation 
speed of the motor 5. 
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JPO and INP1T are not respons ible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

It is a steering system with which steering operation of vehicles is assisted, 

A tire angle sensor which detects an angle of a tire of the above-mentioned vehicles, 

A motor used in order to assist steering operation of the above-mentioned vehicles, 

Tire angular velocity which expresses angular velocity of the above-mentioned tire based on an 

output of the above-mentioned tire angle sensor is computed, and it has a control means which 

controls the above-mentioned motor according to the tire angular velocity, 

A steering system when the above-mentioned tire angular velocity becomes smaller than a 

predetermined value decided beforehand, wherein the above-mentioned control means reduces 

number of rotations of the above-mentioned motor gradually and stops it. 

[Claim 2] 

It is the steering system according to claim 1, 

When the above-mentioned tire angular velocity becomes zero, the above-mentioned control 
means reduces number of rotations of the above-mentioned motor gradually, and stops it. 
[Claim 3] 

It is the steering system according to claim 1, 

A hydraulic pump which drives by the above-mentioned motor and supplies hydraulic oil by a 
flow corresponding to number of rotations of the motor, 

A steering control valve to which only a flow decided based on steering of a steering wheel of 
the above-mentioned vehicles supplies hydraulic oil supplied from the above-mentioned 
hydraulic pump, 

It operates with hydraulic oil supplied from the above-mentioned steering control valve, and has 
further a steering cylinder which steers the above-mentioned tire. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the steering system with which steering operation is assisted based on 
the output of the tire angle sensor which detects the angle of the steering wheel of vehicles 
especially with respect to the steering system with which the steering operation of vehicles is 
assisted. 
[0002] 

[Description of the Prior Art] 

What performs conventionally operation which assists steering operation based on the control 
force or steering speed of a steering wheel as a steering system with which the steering 
operation of industrial truck, such as a fork lift truck, is assisted is known. For example, it has a 
rotation sensor which detects rotation of a steering wheel, and the number of rotations of the 
motor for oil pressure regulation is controlled by this kind of device according to the output of 
that sensor. And thereby, the hydraulic oil of a flow according to the steering speed of the 
steering wheel is supplied to a steering control valve from a hydraulic pump (for example, refer 
to patent documents 1.). 
[0003] 

What performs operation which assists steering operation as a steering system of other 
gestalten based on the angle of the tire (steering wheel) of vehicles or its tire angular velocity is 
known. In this kind of device, for example, it has a tire angle sensor which detects the angle of 
the tire of vehicles, tire angular velocity is computed based on the output of that sensor, and 
steering operation auxiliary movement is performed according to that tire angular velocity (for 
example, refer to patent documents 2.). 
[0004] 

[Patent documents 1] 

U.S. Pat. No. 5542490 specification 

[0005] 

[Patent documents 2] 

Application for patent No. ( draw ing 1 , drawing 5 , paragraph 0036 grade) 366857 [ 2002 to ] 
[0006] 

[Problem(s) to be Solved by the Invention] 

However, steering of a steering wheel and the angle of a tire do not correspond thoroughly. For 
this reason, in the steering system with which steering operation is assisted based on rotation of 
a steering wheel. Even if the steered tire arrives at that end position, the driver of vehicles may 
continue the steering operation by a steering wheel, and a rotation sensor will continue detecting 
rotation of that steering wheel in this case, for example. For this reason, according to the output 
of this rotation sensor, rotation of the motor for oil pressure regulation will be continued. And 
when this aims at reduction of the consumed electric current, or reduction of noise, it will be 
hindrance. Even if "end position" is equivalent to the degree of maximum angle or marginal angle 
of a piece angle of a tire and it operates a steering wheel, the piece angle of a tire says the 
state where it does not become large any more. 
[0007] 

On the other hand, in the steering system with which steering operation is assisted based on the 
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angle of a tire, generally, if the angular velocity of a tire is set to 0 (zero) (i.e., if a tire is held at a 
fixed angle), it is designed so that the motor for oil pressure regulation may stop. If the motor for 
oil pressure regulation stops at this time when a tire is in a distorted state (state which 
conserved frictional force between the tire centering on the steering shaft of a tire, and the road 
surface) as shown in drawing 5 , The power in which the tire tends to release torsion will get 
across to a steering wheel as it is via a mechanical transmission mechanism. As a result, since 
the power in which it releases torsion works to a steering wheel, a shock will get across to a 
driver's hand. 
[0008] 

An object of this invention is to realize the steering system which provides the driver of vehicles 
with good drive feeling, aiming at reduction of the consumed electric current and noise. 
[0009] 

[Means for Solving the Problem] 

A tire angle sensor which a steering system of this invention is a device with which steering 
operation of vehicles is assisted, and detects an angle of a tire of the above-mentioned vehicles, 
It has a control means which computes a motor used in order to assist steering operation of the 
above-mentioned vehicles, and tire angular velocity which expresses angular velocity of the 
above-mentioned tire based on an output of the above-mentioned tire angle sensor, and 
controls the above-mentioned motor according to the tire angular velocity. And when the above- 
mentioned tire angular velocity becomes smaller than a predetermined value decided beforehand, 
the above-mentioned control means reduces number of rotations of the above-mentioned motor 
gradually, and stops it. 
[0010] 

When suspending a motor used in order to assist steering according to this steering system, 
number of rotations of that motor falls gradually. Here, if number of rotations of this motor is 
reduced gradually, power of assisting steering in connection with it also becomes small gradually. 
Although power in which a tire tends to release torsion will get across to a steering wheel at this 
time, when power of assisting steering as mentioned above becomes weaker gradually, power 
transmitted to a steering wheel in connection with it will become large gradually. That is, when 
suspending a motor used in order to assist steering, power in which a tire tends to release 
torsion does not get across to a steering wheel rapidly, but it is transmitted so that it may 
become large gradually. Therefore, a shock does not get across to a driver's hand via the 
steering wheel, and good drive feeling is not barred. 
[0011] 

When tire angular velocity becomes zero, a control means reduces number of rotations of the 
above-mentioned motor gradually, and it may be made to stop it in the above-mentioned 
steering system. According to this composition, when a tire is especially steered to that end 
position, or when carrying out stationary steering ****** and stopping vehicles, a motor can be 
stopped, avoiding that a shock gets across to a driver's hand via a steering wheel. 
[0012] 

A hydraulic pump which drives the above-mentioned steering system by the above-mentioned 
motor, and supplies hydraulic oil by a flow corresponding to number of rotations of the motor, A 
steering control valve to which only a flow decided based on steering of a steering wheel of the 
above-mentioned vehicles supplies hydraulic oil supplied from the above-mentioned hydraulic 
pump, It may be made to have further a steering cylinder which operates with hydraulic oil 
supplied from the above-mentioned steering control valve, and steers the above-mentioned tire. 
According to this composition, a steering system of this invention is applicable to a system with 
which steering is assisted using oil pressure. 
[0013] 

[Embodiment of the Invention] 

Hereafter, it explains, referring to drawings for the embodiment of this invention. 

Dr awing 1 is a figure showing the composition of the steering system of the embodiment of this 

invention. Although the steering system in particular of an embodiment is not limited, it is carried 

in industrial truck, such as a fork lift truck, and assists with the steering operation of the driver 

of the vehicles, for example. 

[0014] 

The steering system of an embodiment is provided with PS valve (steering control valve) 1 , the 
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PS cylinder (steering cylinder) 2, the tire angle sensor 3, the controller (control means) 4, the 
motor 5, and the hydraulic pump 6. Here, the composition of this device itself is publicly known. 
However, the control by the controller 4 includes the new procedure which is not in a Prior art. 
The tire 1 02 is a steering wheel by which the angle is controlled according to the directions 
given by the driver using the steering wheel 101. 
[0015] 

PS valve 1 operates according to steering of the steering wheel 101, and only the flow 
corresponding to the steering speed of the steering wheel 101 for the hydraulic oil supplied from 
the hydraulic pump 6 supplies it to the PS cylinder 2. At this time, PS valve 1 distinguishes the 
steering direction (right steering / the left steering) of the steering wheel 1 01 , and supplies 
hydraulic oil to the PS cylinder 2. 
[0016] 

The PS cylinder 2 operates with the hydraulic oil supplied from PS valve 1, and steers [ right-] 
or steers [ left-] the tire 102. That is, PS cylinder controls the piece angle of the tire 102 
according to steering of the steering wheel 101. 

Although the tire angle sensor 3 in particular is not limited, it is the potentiometer provided on 
the steering shaft of the tire 102, for example. And as for this tire angle sensor 3, the steering 
wheel 101 detects the angle of the right steering or the tire 102 when left-steered. The tire 102 
is steered from "+90 degrees (at the time of right-hand side steering)" to "-90 degree (at the 
time of left-hand side steering)" on the basis of a state (neutral state) in case vehicles go 
straight on. 
[0017] 

The controller 4 is a microcomputer and drives the motor 5 by executing the program described 
beforehand. That is, the controller 4 is read for every prescribed interval by using the output of 
the tire angle sensor 3 as tire angle data, and computes the tire angular velocity showing the 
angular velocity of the tire 102 at any time based on those tire angle data. And the number of 
rotations of the motor 5 is controlled according to the computed tire angular velocity. 
[0018] 

Although the motor 5 in particular is not limited, it is an exchange induction type motor and is 
driven by the controller 4, for example. It may be made to drive the motor 5 at such high number 
of rotations here that tire angular velocity becomes large. The number of rotations of the motor 
5 is controlled by a three phase sine wave PWM (Pulse Density Modulation) method, for example. 

[0019] 

The hydraulic pump 6 is driven by the motor 5, and supplies hydraulic oil to PS valve 1 by the 
flow corresponding to the number of rotations of the motor 5. In this case, it may be made for 
the flow of the hydraulic oil supplied to PS valve 1 from the hydraulic pump 6 to be proportional 
to the number of rotations of the motor 5. 
[0020] 

And in the vehicles by which the above-mentioned steering system is carried, a driver's steering 
of the steering wheel 101 will control the angle of the tire 102 according to the steering. At this 
time, the controller 4 drives the motor 5 according to the tire angular velocity of the tire 102, 
and hydraulic oil is supplied to PS valve 1 from the hydraulic pump 6 by that motor 5. As a 
result, the driver can steer the steering wheel 101 by comparatively small power. 
[0021] 

Drawing 2 is a flow chart which shows operation of the controller 4. Processing of this flow chart 
is fundamentally performed for every prescribed interval. 

In Step S1, the output of the tire angle sensor 3 is incorporated and the tire angular velocity of 
the tire 102 is computed. That is, the tire angular velocity of the tire 102 is computed based on 
the variation of the tire angle data acquired to the time series. 
[0022] 

In Step S2, it is investigated whether the tire angular velocity computed at Step S1 is 0 (zero). If 
tire angular velocity is not 0 (zero) at this time, in Step S6, motor revolving processing according 
to that tire angular velocity will be performed. That is, the motor 5 is driven at the number of 
rotations according to the tire angular velocity. 
[0023] 

When tire angular velocity is 0 (zero), in Step S3, it is investigated whether the motor 5 is 
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rotating. Since the motor 5 is driven by the controller 4, the controller 4 recognizes the number 
of rotations of the motor 5. 

Tire angular velocity is 0 (zero), and when the motor 5 is rotating, in step S4, processing which 
decelerates the number of rotations of the motor 5 gradually is performed. However, in this 
example, since repeat execution of the processing of the flow chart shown in drawing 2 is carried 
out for every prescribed interval, specifically, processing of step S4 is equivalent to the 
processing which only the specified quantity makes low in the number of rotations of the motor 5 
at that time. And when tire angular velocity is 0 (zero) and the state where the motor 5 is 
rotating continues, the number of rotations of the motor 5 will be gradually slowed down by 
carrying out repeat execution of the processing of step S4. Tire angular velocity is 0 (zero), and 
when the motor 5 has stopped, there are no instructions to the motor 5 (Step S5). 
[0024] 

Although it is investigating whether tire angular velocity is 0 (zero) in Step S2 in the example 
shown in drawing 2, it may be made to investigate whether the tire angular velocity is smaller 
than the predetermined value decided beforehand. In this case, "the predetermined value 
decided beforehand" is made into about 1 degree/1 00m second, for example. 
[0025] 

When the number of rotations of the motor 5 is controlled by three phase sine wave PWM, 
processing which decelerates the number of rotations of the motor 5 gradually is realized by the 
processing which makes low voltage sine wave frequency impressed to the motor 5. 
Drawing 3 is a figure explaining operation of a steering system when the angular velocity of the 
tire 102 is set to 0 (zero). The situation where the angular velocity of the tire 1 02 is set to 0 
(zero) is produced, when the tire 102 is steered to the end position, or when carrying out 
stationary steering ****** and stopping vehicles. Also while the steering wheel 101 is being fixed 
by the fixed steering position during the run of vehicles, the angular velocity of the tire 102 can 
be set to 0 (zero). 
[0026] 

In drawing 3, when the tire 102 is in a distorted state (state which conserved frictional force 
between the tire centering on the steering shaft of a tire, and the road surface), the power in 
which the tire 102 tends to release torsion works. However, while the motor 5 is rotating 
according to directions of the controller 4, the angle of the tire 102 is held with the hydraulic oil 
supplied to PS valve 1 from the hydraulic pump 6. 
[0027] 

Then, if the tire angular velocity of the tire 102 is set to 0 (zero) in the state where the motor 5 
is rotating, the number of rotations of the motor 5 falls gradually henceforth. Here, a fall of the 
number of rotations of the motor 5 will decrease the flow of the hydraulic oil supplied to PS 
valve 1 from the hydraulic pump 6 in connection with it. That is, the power in which it holds the 
angle of the tire 102 becomes weaker gradually. Although the power in which the tire 102 tends 
to release torsion will get across to the steering wheel 101 at this time, When the power in which 
it holds the angle of the tire 102 as mentioned above becomes weaker gradually, the power 
transmitted to the steering wheel 101 from the tire 1 02 in connection with it will become large 
gradually. 
[0028] 

Thus, when the tire angular velocity of the tire 102 is set to 0 (zero) according to the steering 
system of an embodiment. The power in which the tire 102 tends to release torsion does not get 
across to the steering wheel 101 rapidly, but it gets across to the steering wheel 101 so that it 
may become large gradually. Therefore, the power in which the steering wheel 101 tends to 
release torsion will become large gradually, a shock does not get across to a driver's hand via 
the steering wheel 101, and good drive feeling is not barred. 
[0029] 

If the tire angular velocity of the tire 102 is set to 0 (zero), the number of rotations of the motor 
5 will fall gradually, and will stop after that. Therefore, the noise by the consumed electric 
current and a motor is also suppressed. Since the motor 5 stops even if it is a case where the 
driver is continuing steering of the steering wheel 1 01 especially when the tire 102 is steered to 
the end position, it will contribute to low-consumption-current-izing and low noise-ization 
greatly. 
[0030] 
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When the steering system of an embodiment is carried in a fork lift truck, As shown in drawin g 4, 
when [ this ] the motor 5 and the hydraulic pump 6 may be made to be used for the both sides 
of steering assistance and handling work, the hydraulic oil supplied from the hydraulic pump 6 is 
once led to the priority valve 1 1 . And the priority valve 1 1 operates so that the hydraulic oil of 
the flow which the PS cylinder 2 needs may be preferentially supplied to PS valve 1 and the 
remaining hydraulic oil may be supplied to unillustrated material handling attachment. 
[0031] 

Although the above-mentioned example explained as a premise the composition which steers the 
tire 102 using oil pressure, this invention is not limited to this. That is, the steering system 
concerning this invention is widely applicable to the composition which assists steering using a 
motor. 
[0032] 

[Effect of the Invention] 

According to this invention, since the number of rotations of the motor is gradually reduced 
when suspending the motor for assisting steering, the power in which a tire tends to release 
torsion does not shock a driver via a steering wheel. Since the above-mentioned motor is 
suspended when the angular velocity of a tire becomes below a predetermined value, the 
consumed electric current and noise can be suppressed. 
[Brief Description of the Drawings] 

[Drawing 1]It is a figure showing the composition of the steering system of the embodiment of 
this invention. 

[Drawing 2]ft is a flow chart which shows operation of a controller. 

[Dr awing 3] It is a figure explaining operation of a steering system when the angular velocity of a 
tire is set to 0 (zero). 

[Drawing 4] It is a figure showing other examples of application of the steering system of an 
embodiment. 

[Drawing 5]It is a figure for explaining the problem of the conventional steering system. 
[Description of Notations] 

1 PS valve (steering control valve) 

2 PS cylinder (steering cylinder) 

3 Tire angle sensor 

4 Controller (control means) 

5 Motor 

6 Hydraulic pump 

1 01 Steering wheel 

102 Tire (operation wheel) 
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